support by selectively (i) generating a plurality of signals as command control 
messages defining information for controlling operation of said selected tools, (ii) 
addressing said selected tools, and (iii) applying selected of said command 
control messages to respective tool controllers of said addressed tools to cause 
the selected tools controlled thereby to perform preprogrammed operations on 
said workpiece supported between said first and second tools. 

77. (Not Amended) The system of Claim 2 wherein said workpiece 
support is moveable. 

78. (Not Amended) The system of Claim 77 wherein said moveable 
workpiece support comprises a conveyor that supports a plurality of workpieces. 

Z 

79. (Not Amended) The system of Claim 77 wherein said workpiece £ 
support comprises a moveable pallet. jl 

i 

80. (Not Amended) The system of Claim 77 wherein said command 

controller also controls the movement of said workpiece support. ^ 

C 

81. (Not Amended) The system of Claim 2 wherein said command u. 
controller includes a program store and a transducer that reproduces selected signals u. 
from the program store as command control messages. ^ 

C 

6. (Amended) An automatic production system comprising: h 

(a) a workpiece transporter that defines a production line and that ^ 
carries work-in-process in a substantially horizontal path, B 

(b) a plurality of automatic [machine] tools having respective local Uj 
controllers, operating tool heads, and at least one individual tool that performs at 

least one operation on work aligned with the respective [machine] tools, ^ 

(c) respective powered tool transporters that support selected of said j- 
plurality of [machine] tools adjacent to the production line and that move said tt 
selected [machine] tools relative to said production line under the control of the £ 
local controller of the respective [machine] tool, 2 
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(d) respective multi-part, flexible manipulator arms, each coupled to 
move the respective tool head to execute multi-axis travel with respect to the 
work, each of which arms is coupled to and under the control of the local 
controller of the respective [machine] tool, and 

(e) a remote controller including an electronic storage device having a 
plurality of command control signals stored therein and a reproduction device 
structured to reproduce from said storage device selected command control 
signals and coupled to apply said reproduced signals to control operation of the 
workpiece transporter and the local controller of selected [machine] tools to: (1) 
predeterminately align work on the workpiece transporter with respect to 
selected of said [machine] tools, (2) cause said selected [machine] tools to execute 
multi-axis movement of their tool heads with respect to the aligned work so as to 
perform predetermined operations thereon, and (3) cause selected of said 
plurality of [machine] tool transporters to move along said production line. 

7. (Not Amended) An automatic production system in accordance with 
Claim 6 wherein said respective powered tool transporters move along a common 
support extending parallel to and above the workpiece transporter. 

8. (Amended) An automatic production system in accordance with Claim 7 
wherein said common support includes a guideway parallel to the production line and 
a locking device positioned to secure a [machine] tool on said guideway. 

9. (Not Amended) An automatic production system in accordance with 
Claim 6 wherein said tool transporters are disposed on both sides of the production line 
so as to controllably position respective tools facing opposite sides of work on the 
production line. 

10. (Not Amended) An automatic production system in accordance with 
Claim 9 wherein said workpiece transporter comprises a conveyor positioned to be 
driven substantially horizontally, and wherein said tool transporters are supported by a 
common support comprising a structural beam disposed above and substantially 
parallel to the workpiece transporter. 
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94. (Not Amended) The system of Claim 10 wherein said conveyor 
comprises an endless array of flights. 

82. (Not Amended) The system of Claim 6 wherein said workpiece 
transporter includes a plurality of moveable pallets, each supporting at least one 
workpiece. 

83. (Not Amended) The system of Claim 82 wherein said workpiece 
transporter includes a plurality of pallets moveable along a track. 

84. (Not Amended) The system of Claim 6 wherein said workpiece 
transporter comprises a conveyor carrying a plurality of spaced-apart workpieces. 

85. (Not Amended) The system of Claim 6 wherein said workpiece 
transporter comprises at least one overhead track and a plurality of work carriers 
supported by said track, each carrier in turn supporting at least one workpiece. 

86. (Not Amended) The system of Claim 6 wherein said tool transporters 
comprise moveable tool pallets, each pallet supporting at least one tool. 

87. (Not Amended) The system of Claim 86 further including a track 
aligned adjacent to the production line and configured to support and guide said 
moveable tool pallets. 

88. (Not Amended) The system of Claim 6 wherein said plurality of tool 
transporters together comprise a conveyor carrying a plurality of spaced-apart tools. 

89. (Not Amended) The system of Claim 6 wherein said each of said tool 
transporters is supported by and moveable along at least one overhead track. 

90. (Amended) The system of Claim 6 wherein said remote controller 
includes means for applying selected command control signals to predeterminately 
control operation of the workpiece transporter to align selected units of work and 
selected [machine] tools. 
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91. (Amended) The system of Claim 6 wherein said remote controller 
includes means for transmitting signals to align the work and the selected [machine] 
tools, to cause the selected [machine] tools to perform predetermined operations on the 
aligned work, and after the predetermined operation is completed, to cause selected 
[machine] tool transporters to move along the production line. 

92. (Amended) The system of Claim 6 wherein said remote controller 
includes means for transmitting signals to cause a selected [machine] tool, while it is 
aligned with the work, to be stopped along the production line. 

93. (Amended) The system of Claim 6 wherein said remote controller 

includes means for transmitting signals to cause a selected [machine] tool, while it is JZ 

aligned with the work, to move along the production line. £ 

u 

1 1 . (Amended) An automatic production apparatus comprising: ^ 

(a) a conveyor carrying work-in-process at spaced-apart intervals 

along a substantially horizontal path of travel defining part of a production line, ^ 

(b) a plurality of separately operable [machine] tools disposed adjacent C 
to the conveyor, each [machine] tool having a tool head and a tool transporter £ 
that moves said [machine tool] tool head in a plurality of directions with respect u 
to work on said conveyor, ^ 

(c) a guideway disposed above the conveyor supporting selected tool C 
transporters, and ^ 

(d) a controller structured to: (1) control the movement of each tool * 
transporter supported by said guideway along said guideway to a £ 
predetermined location before initiating operation of the tool associated with £ 
said tool transported (2) operate the conveyor to align respective units of work >- 
with respective of said tools, and (3) operate at least one of said tools to perform < 
at least one predetermined operation on work disposed on the conveyor and £ 
aligned with the tool. U 

12. (Not Amended) An automatic production system in accordance with J 


Claim 11 wherein: 
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(a) the guideway comprises at least one track extending in two 
directions; and 

(b) each of said tool transporters includes respective powered bi- 
directional drives. 

13. (Not Amended) An automatic production system in accordance with 
Claim 11 further including respective program-controlled power drives coupled to 
move each tool head along a plurality of axes while performing different operations on 
work aligned with the tool transporter. 

95. (Not Amended) The apparatus of Claim 11 further comprising a 
separate guideway associated with each of a selected plurality of tool transporters. 

14. (Amended) An automatic production apparatus in accordance with 
Claim [12] 95 wherein at least one of said tool transporters includes a bridge crane 
supported on said two separate guideways for travel in both directions [along said 
track] parallel to said conveyor, wherein said bridge crane [is] supports a track located 
above and [extends] extending across the conveyor, and wherein said bridge crane 
supports at least one program-controlled tool that performs controlled operations on 
work supported by the conveyor. 

16. (Amended) An automatic production system comprising: 

(a) at least one work transporter that supports and moves work, 

(b) at least one tool transporter disposed proximate to said work 
transporter, 

(c) a plurality of [machine] tools supported for movement on said tool 
transporter, each comprising an electrically controlled and powered device 
structured to perform programmed operations on work supported by said work 
transporter, 

(d) a local controller associated with each [machine] tool that controls 
said powered device and including a remotely addressable command signal 
receiver, and 

(e) a remote controller located remote from said [machine] tools 
structured and coupled to control said work transporter to align said work with 
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only selected of the [machine] tools and to address the command signal receiver 
of said local controllers that are associated with the selected [machine] tools to 
cause said selected tools to perform preprogrammed operations on work aligned 
therewith. 

17. (Not Amended) An automatic production system in accordance with 
Claim 16 wherein said remote controller controls the operation of a plurality of selected 
tools to cause said tools to simultaneously perform operations on work supported 
adjacent to said tools. 

18. (Not Amended) A system in accordance with Claim 16 wherein said 
remote controller controls a plurality of said selected tools to simultaneously operate on 
a single unit of work located adjacent to said tools. 

19. (Not Amended) A system in accordance with Claim 18 wherein said 
plurality of tools includes a drill operable for drilling holes in work and a tapping tool 
for tapping such holes to permit fasteners to be secured to said work, 

20. (Not Amended) A system in accordance with Claim 18 wherein said 
plurality of tools include a plurality of welding tools each operable for welding a 
different portion of said work. 

21. (Not Amended) A system in accordance with Claim 18 wherein said 
plurality of tools includes a plurality of fastening tools each operable to fasten a 
different portion of said work. 

22. (Not Amended) A system in accordance with Claim 18 wherein said 
plurality of tools includes a plurality of fastener applying tools each operable to apply 
fasteners to work supported adjacent to said tool. 

23. (Not Amended) A system in accordance with Claim 18 wherein said 
plurality of tools includes a plurality of riveting tools each operable to rivet work 
disposed adjacent to said tool. 
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24. (Not Amended) A system in accordance with Claim 16 wherein said 
plurality of tools includes at least one drilling tool operable to drill holes in work 
disposed adjacent to said tool and at least one riveting tool operable to apply rivets to 
the drilled holes and to set said rivets in place. 

25. (Not Amended) A system in accordance with Claim 16 wherein: 

(a) said tool transporter comprises first and second trackways each 
disposed adjacent to opposite sides of said work transporter and a bridge crane 
supported for travel along said first and second trackways above and across said 
work transporter, 

(b) said tools include a carrier supported for movement laterally to a 
direction of travel of said work transporter by the bridge of said bridge crane, 

and Z 

(c) said remote controller causes said bridge crane to move in a ® 
direction parallel to said work transporter and causes said carrier for said tool to 

move in a direction across said work transporter to predeterminately position S 

said tool adjacent to work on said work transporter, and causes said tool to ^ 

perform programmed operations on said work. ^ 

c 

72. (Not Amended) A system in accordance with Claim 16 wherein said w 

remote controller controls a plurality of tools to simultaneously operate on respective u. 

units of work located adjacent to said tools. ^ 

O 

66. (Amended) An automatic production apparatus comprising: h 

(a) a conveyor that carries work-in-process in a spaced-apart manner ^ 
along a substantially horizontal path of travel, said path defining part of a g 
production line, ^ 

(b) a plurality of selectively addressable and separately operable n- 
[machine] tools disposed adjacent to both sides of the conveyor, !^ 

(c) each [machine] tool having a tool head and a [machine] tool H 
transporter to drive said [machine] tool in a plurality of directions with respect to w 
work on said conveyor, £ 

(d) at least one tool transporter guideway disposed above the conveyor ^ 
that guides and locates each tool transporter with respect to said conveyor, C 
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(e) a first control system coupled to and automatically prepositioning 
each tool transporter and its associated tool along said guideway at a select 
predetermined location relative to said conveyor adjacent to a work station, 

(0 a second control system coupled to and operating the conveyor and 
[locating] transferring respective units of work [in alignment with selected of 
said tools] to said work station, and 

(g) a third control system coupled to and operating selected of said 
tools to perform predetermined operations on work aligned with said selected, 
tools at the work station . 

70. (Amended) An automatic production system comprising: 

(a) a conveyor structured to carry along a select path a plurality of 
work-holding pallets, each supporting at least one unit of work; 

(b) a plurality of work stations located adjacent to said path, each 
having power-operated pallet securing devices at the [machine] tool; 

(c) a plurality of [machine] tools structured to operate on work while 
positioned at a work station, each [machine] tool having a power-operated tool, a 
power drive that effects multi-axis movement of said tool, and a respective 
controller coupled to said power drive; 

(d) a remote controller structured to generate addressed tool-control 
signals in the form of command control messages; 

(e) each of said [machine] tools also having an addressable signal 
receiver and a signal-recording device coupled to store tool-control signals 
received by the signal receiver, 

(0 a transmitter coupled to the remote controller to transmit 
addressed tool-control signals to correspondingly addressed signal receivers at 
selected [machine] tools; 

(g) an identification code reader positioned to generate a control 
signals when a work-holding pallet is conveyed to a select work station; and 

(h) a local controller responsive to said control signals and coupled to 
the securing devices to effect the predeterminate positioning of said work with 
respect to the select work station; and 

(i) wherein at least some of said [machine] tools are mounted on 
moveable supports that are moved under the control of said remote controller to 
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present at least two of said tools at one of said work stations to simultaneously 
operate on at least one unit of work at that station. 

96. (Amended) An automatic production system comprising: 

(a) a workpiece transporter defining a production line and structured 
to carry work-in-process in a substantially horizontal path; 

(b) a plurality of automatic [machine] tools, each of said tools having a 
respective: 

(i) local controller, 

(ii) base supporting [a manipulator arm, 

(iii) ] an operating tool head [coupled to the manipulator arm], 
which is capable of supporting 

[(iv)] at least one individual tool [supported by the operating 

head], 

[(v)] (iii) drive system positioned to move said tool on the arm 
in multi-axis travel with respect to work aligned with said [machine] tool, 
and 

[(vi)] (iv) local electronic storage device associated with said 
local controller, which storage device stores command control signals 
applied by the local controller to operate the drive system and the tool to 
perform at least one operation on work aligned with said [machine] tool; 

(c) powered tool transporters coupled to and supporting selected of 
said plurality of [machine] tools adjacent to the production line, each of said 
transporters including a power drive that is controllable to move its respective 
[machine] tool back and forth adjacent to said production line independently of 
the other [machine] tools; 

(d) a remote controller including an electronic storage device that 
stores a plurality of command control signals and a reproduction system 
positioned to extract from said storage device selected command control signals; 
and 

(e) a communications system linking the remote controller with the 
workpiece transporter and the local controllers of said [machine] tools and 
structured to: (1) communicate selected of said reproduced command control 
signals to selected local storage devices associated with the local controllers of 
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selected of said [machine] tools so that programmed automatic operations can be 
carried out on work aligned with said [machine] tools, (2) apply selected of said 
reproduced command control signals to control the workpiece transporter to 
cause supported work to move in a controlled manner along the production line 
relatives said [machine] tools, and (3) apply selected of said reproduced 
command control signals to control the powered tool transporters to selectively 
move the associated [machine] tools adjacent to the production line to carry out 
operations on work moving along the production line. 

97. (Not Amended) The system of Claim 96 wherein said workpiece 
transporter comprises a conveyor that supports a plurality of workpieces. 

103. (Not Amended) The system of Claim 97 wherein said workpiece £ 
transporter comprises a conveyor carrying a plurality of spaced-apart workpieces. §j 

u 

98. (Not Amended) The system of Claim 96 wherein said workpiece S 
transporter comprises at least one moveable pallet. 3 

U 

101. (Not Amended) The system of Claim 98 wherein said workpiece O 
transporter comprises a plurality of moveable pallets, each supporting at least one 2 
workpiece. £ 

O 

112. (Not Amended) The system of Claim 101 wherein said communication § 
system includes a transmitter coupled to the remote controller and a receiver coupled to H 
each of said pallets. ^ 

102. (Not Amended) The system of Claim 101 wherein said workpiece 2 
transporter comprises a plurality of pallets moveable along a track. § 

«: 

100. (Not Amended) The system of Claim 96 wherein said reproduction u 
system of said remote controller includes a transducer that reproduces selected signals § 
from the electronic storage device as command control messages. Q 

2 
O 
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104. (Not Amended) The system of Claim 96 wherein said workpiece 
transporter comprises at least one overhead track and a plurality of work carriers 
supported by said track, each carrier in turn supporting at least one workpiece. 

105. (Not Amended) The system of Claim 96 wherein said tool transporters 
comprise moveable carriages, each supporting at least one tool. 

106. (Not Amended) The system of Claim 96 wherein each of said tool 
transporters is supported by and moveable along at least one track aligned with the 
workpiece support 

107. (Not Amended) The system of Claim 106 wherein said track is 
disposed generally above the production line. 

108. (Amended) The system of Claim 96 wherein said remote controller 
includes means for applying command control signals to align the work and the 
selected [machine] tools. 

109. (Amended) The system of Claim 96 wherein said remote controller 
includes means for applying signals to cause a selected [machine] tool, while it is 
aligned with the work, to be stopped along the production line. 

110. (Amended) The system of Claim 96 wherein said remote controller 
includes means for applying signals to cause a selected [machine] tool, while it is 
aligned with the work, to move along the production line. 

111. (Not Amended) The system of Claim 96 wherein said communication 
system includes a transmitter coupled to the remote controller and a receiver coupled to 
the local storage device of each local controller. 

113. (Not Amended) The system of Claim 96 wherein said communication 
system includes a transmitter coupled to the remote controller and a receiver coupled to 
the power drive of each tool transporter. 
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Please add the following new claims: 


114. An automatic production system comprising: 

(a) a plurality of automatic tools, each provided with a respective tool 
controller and located at respective stations so that said tools are spaced apart 
from each other, 

(b) at least one workpiece support positioned between a first and 
second of said stationary tools, and 

(c) a command controller structured to control said first and second 
tools to operate simultaneously on at least one workpiece supported by said 
support by selectively (i) generating a plurality of signals as command control 
messages defining information for controlling operation of said selected tools, (ii) i 
addressing said selected tools, and (iii) applying selected of said command q 
control messages to respective tool controllers of said addressed tools to cause ^] 
the selected tools controlled thereby to perform preprogrammed operations on ^ 
said workpiece supported between said first and second tools. Uj 

u 

115. The system of Claim 114 wherein said workpiece support is moveable. S 

UJ 

116. The system of Claim 115 wherein the workpiece support comprises a »- 

U 

conveyor. Q 

z 

117. The system of Claim 116 wherein said conveyor supports a plurality of £ 
workpieces. < 

118. The system of Claim 115 wherein said workpiece support comprises a q 

u- 

moveable pallet. 2 

119. The system of Claim 115 wherein said command controller also controls ^ 
the movement of said workpiece support. 2 

c 

120. The system of Claim 114 wherein said command controller includes a £ 
program store and a transducer that reproduces selected signals from the program store 2 
as command control messages. ^ 
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121. An automatic production system comprising: 

(a) a plurality of automatic tools, each provided with a respective tool 
controller and located so that said tools are spaced apart from each other, 

(b) a workpiece conveyor, 

(c) at least one workpiece support stationed adjacent to the conveyor 
and between a first and second of said tools, to which support workpieces are fed 
from said conveyor, and 

(d) a command controller structured to control said first and second 
tools to operate simultaneously on at least one workpiece supported by said 
workpiece support by selectively (i) generating a plurality of signals as command 
control messages defining information for controlling operation of said selected 
tools, (ii) addressing said selected tools, and (iii) applying selected of said 
command control messages to respective tool controllers of said addressed tools 
to cause the selected tools controlled thereby to perform preprogrammed 
operations on said workpiece supported between said first and second tools. 

122. The system of Claim 121 wherein said command controller includes a 
program store and a transducer that reproduces selected signals from the program store 
as command control messages. 

123. An automatic production system comprising: 

(a) a workpiece transporter that defines a production line and that 
carries work-in-process in a substantially horizontal path, 

(b) a plurality of automatic tools having respective local controllers, 
operating tool heads, and at least one individual tool that performs at least one 
operation on work aligned with the respective tools, 

(c) respective powered tool transporters that support selected of said 
plurality of tools adjacent to the production line and that move said selected 
tools along said production line under the control of the local controller of the 
respective tool, 

(d) respective multi-part, flexible manipulator arms, each coupled to 
move the respective tool head to execute multi-axis travel with respect to the 
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work, each of which arms is coupled to and under the control of the local 
controller of the respective tool, 

(e) a plurality of stationary work stations adjacent to the workpiece 
transporter and the tool transporters, and 

(f) a remote controller including an electronic storage device having a 
plurality of command control signals stored therein and a reproduction device 
structured to reproduce from said storage device selected command control 
signals and coupled to apply said reproduced signals to control operation of the 
workpiece transporter and the local controller of selected tools to: (1) 
predeterminately align work at said work stations with respect to selected of said 
tools, (2) cause said selected tools to execute multi-axis movement of their tool 

heads with respect to the aligned work so as to perform predetermined $ 

operations thereon, and (3) cause selected of said plurality of tool transporters to q 

move along said production line. ^ 

E 

124. An automatic production system in accordance with Claim 123 wherein U. 

Km 

said respective powered tool transporters move along a common support extending ^ 

parallel to and above the workpiece transporter. ^ 

(£ 

125. An automatic production system in accordance with Claim 124 wherein *- 

said common support includes a guideway parallel to the production line and a locking q 

device positioned to secure a tool on said guideway. £ 

C 

126. An automatic production system in accordance with Claim 123 wherein < 
said tool transporters are disposed on both sides of the production line so as to 2? 
controllably position respective tools facing opposite sides of work on the production Q 
line. *7 

127. An automatic production system in accordance with Claim 126 wherein j£ 
said workpiece transporter comprises a conveyor positioned to be driven substantially ^ 
horizontally, and wherein said tool transporters are supported by a common support £j 
comprising a structural beam disposed above and substantially parallel to the £ 
workpiece transporter. j£ 
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128. The system of Claim 127 wherein said conveyor comprises an endless 
array of flights. 

129. The system of Claim 123 wherein said workpiece transporter includes a 
plurality of moveable pallets, each supporting at least one workpiece. 

130. The system of Claim 129 wherein said workpiece transporter includes a 
plurality of pallets moveable along a track. 

131. The system of Claim 123 wherein said workpiece transporter comprises a 
conveyor carrying a plurality of spaced-apart workpieces. 

132. The system of Claim 123 wherein said workpiece transporter comprises at 
least one overhead track and a plurality of work carriers supported by said track, each 
carrier in turn supporting at least one workpiece. 

133. The system of Claim 123 wherein said tool transporters comprise 
moveable tool pallets, each pallet supporting at least one tool. 

134. The system of Claim 133 further including a track aligned adjacent to the 
production line and configured to support and guide said moveable tool pallets. 

135. The system of Claim 123 wherein said plurality of tool transporters 
together comprise a conveyor carrying a plurality of spaced-apart tools. 

136. The system of Claim 123 wherein said each of said tool transporters is 
supported by and moveable along at least one overhead track. 

137. The system of Claim 123 wherein said remote controller includes means 
for applying selected command control signals to predeterminately control operation of 
the workpiece transporter to align selected units of work and selected tools. 

138. The system of Claim 123 wherein said remote controller includes means 
for transmitting signals to align the work and the selected tools, to cause the selected 
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tools to perform predetermined operations on the aligned work, and after the 
predetermined operation is completed, to cause selected tool transporters to move 
along the production line. 


139. The system of Claim 123 wherein said remote controller includes means 
for transmitting signals to cause a selected tool, while it is aligned with the work, to be 
stopped along the production line. 

140. The system of Claim 123 wherein said remote controller includes means 
for transmitting signals to cause a selected tool, while it is aligned with the work, to 
move along the production line. 

141. An automatic production system comprising: ^ 

(a) at least one work transporter that supports and moves work, ^ 

(b) at least one tool transporter disposed proximate to said work S 
transporter, 

(c) a plurality of tools supported for movement on said tool ^ 
transporter, each comprising an electrically controlled and powered device S 
structured to perform programmed operations on work supported at work § 
stations adjacent to said work transporter, £ 

(d) a local controller associated with each tool that controls said q 
powered device and including a remotely addressable command signal receiver, £ 
and O 

(e) a remote controller located remote from said tools structured and ^ 
coupled to control said work transporter to transfer said work to a work station S 
for alignment with only selected of the tools and to address the command signal q 
receiver of said local controllers that are associated with the selected tools to § 
cause said selected tools to perform preprogrammed operations on work aligned j 
therewith. <J 

142. An automatic production system in accordance with Claim 141 wherein g 
said remote controller controls the operation of a plurality of selected tools to cause said £ 
tools to simultaneously perform operations on work supported adjacent to said tools. 2 

U 
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143. A system in accordance with Claim 141 wherein said remote controller 
controls a plurality of said selected tools to simultaneously operate on a single unit of 
work located adjacent to said tools. 

144. A system in accordance with Claim 143 wherein said plurality of tools 
includes a drill operable for drilling holes in work and a tapping tool for tappuig such 
holes to permit fasteners to be secured to said work. 

145. A system in accordance with Claim 143 wherein said plurality of tools 
include a plurality of welding tools each operable for welding a different portion of said 
work. 

146. A system in accordance with Claim 143 wherein said plurality of tools 
includes a plurality of fastening tools each operable to fasten a different portion of said 
work. 

147. A system in accordance with Claim 143 wherein said plurality of tools 
includes a plurality of fastener applying tools each operable to apply fasteners to work 
supported adjacent to said tool. 

148. A system in accordance with Claim 143 wherein said plurality of tools 
includes a plurality of riveting tools each operable to rivet work disposed adjacent to 
said tool. 

149. A system in accordance with Claim 141 wherein said plurality of tools 
includes at least one drilling tool operable to drill holes in work disposed adjacent to 
said tool and at least one riveting tool operable to apply rivets to the drilled holes and to 
set said rivets in place. 

150. A system in accordance with Claim 141 wherein: 

(a) said tool transporter comprises first and second trackways each 
disposed adjacent to opposite sides of said work transporter and a bridge crane 
supported for travel along said first and second trackways above and across said 
work transporter, 
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(b) said tools include a carrier supported for movement laterally to a 
direction of travel of said work transporter by the bridge of said bridge crane, 
and 

(c) said remote controller causes said bridge crane to move in a 
direction parallel to said work transporter and causes said carrier to move in a 
direction across said work transporter to predeterminately position work to said 
work station, and causes said tool to perform programmed operations on said 
work. 

151 . A system in accordance with Claim 141 wherein said remote controller 
controls a plurality of tools to simultaneously operate on respective units of work 
located adjacent to said tools. 

152. An automatic production system comprising: 

(a) a workpiece transporter defining a production line and structured 
to carry work-in-process in a substantially horizontal path; 

(b) a plurality of automatic tools, each of said tools having a respective: 

(i) local controller, 

(ii) base supporting an operating tool head, which is capable of 
supporting at least one individual tool, 

(iii) drive system positioned to move said tool on the arm in 
multi-axis travel with respect to work aligned with said tool, and 

(iv) local electronic storage device associated with said local 
controller, which storage device stores command control signals applied 
by the local controller to operate the drive system and the tool to perform 
at least one operation on work aligned with said tool; 

(c) powered tool transporters coupled to and supporting selected of 
said plurality of tools adjacent to the production line, each of said transporters 
including a power drive that is controllable to move its respective tool back and 
forth adjacent to said production line independently of the other tools; 

(d) a remote controller including an electronic storage device that 
stores a plurality of command control signals and a reproduction system 
positioned to extract from said storage device selected command control signals; 
and 
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(e) a communications system linking the remote controller with the 
workpiece transporter and the local controllers of said tools and structured to: 
(1) communicate selected of said reproduced command control signals to 
selected local storage devices associated with the local controllers of selected of 
said tools so that programmed automatic operations can be carried out on work 
aligned with said tools, (2) apply selected of said reproduced command control 
signals to control the workpiece transporter to cause supported work to move in 
a controlled manner along the production line relative to said tools and to 
position the work at selected work stations, and (3) apply selected of said 
reproduced command control signals to control the powered tool transporters to 
selectively move the associated tools adjacent to the production line to carry out 
operations on work at the selected work stations. * 

2 
O 

153. The system of Claim 152 wherein said workpiece transporter comprises a 
conveyor that supports a plurality of workpieces. ^ 

tu 

154. The system of Claim 153 wherein said workpiece transporter comprises a m 
conveyor carrying a plurality of spaced-apart workpieces. S 

155. The system of Claim 152 wherein said workpiece transporter comprises at £ 
least one moveable pallet. ^ 

2 

156. The system of Claim 155 wherein said workpiece transporter comprises a 2 
plurality of moveable pallets, each supporting at least one workpiece. 5 

157. The system of Claim 156 wherein said workpiece transporter comprises a O 
plurality of pallets moveable along a track. j£ 

158. The system of Claim 156 wherein said communication system includes a ^ 

transmitter coupled to the remote controller and a receiver coupled to each of said j£ 

pallets. W 

Q 

2 
O 
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159. The system of Claim 152 wherein said reproduction system of said remote 
controller includes a transducer that reproduces selected signals from the electronic 
storage device as command control messages. 


160. The system of Claim 152 wherein said workpiece transporter comprises at 
least one overhead track and a plurality of work carriers supported by said track, each 
carrier in turn supporting at least one workpiece. 

161. The system of Claim 152 wherein said tool transporters comprise 
moveable carriages, each supporting at least one tool. 

162. The system of Claim 152 wherein each of said tool transporters is ^ 

supported by and moveable along at least one track aligned with the workpiece q 

support. </} 

U 
5 

163. The system of Claim 162 wherein said track is disposed generally above UJ 
the production line. ^ 

164. The system of Claim 152 wherein said communication system includes a § 
transmitter coupled to the remote controller and a receiver coupled to the local storage S. 
device of each local controller. ^ 

165. The system of Claim 152 wherein said communication system includes a 2 
transmitter coupled to the remote controller and a receiver coupled to the power drive ^ 
of each tool transporter. ^ 

O 

166. An automatic production system comprising: 

(a) a plurality of tools disposed at respective work positions located ^ 
spaced apart with respect to each other, each tool including a tool controller, < 

(b) a conveyor structured to convey units of work to respective work j£ 
positions within range of selected of the tools, g 

(c) a remote controller located remote from the tool controllers having £ 
an output for command control signals that can effect control of any of the tools Z 
through their respective tool controllers, and (j 
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(d) a selective addressing system coupling the output of the remote 
controller to the tool controllers, wherein the selective addressing system is 
structured to distribute command control signals on the output of the remote 
controller to the tool controllers, and wherein distributed command control 
signals are applied at only a selected set of the tools by the respective tool 
controller of each of the selected set of tools to control the selected tool to 
perform tooling operations on a selected unit of work conveyed to the work 
position within range of the selected tool. 

167. An automatic production system in accordance with Claim 166 wherein 
said remote controller comprises a master controller located remotely from said tools 

and said conveyor and wherein said master controller simultaneously controls a $ 
plurality of pallets holding a plurality of units of work. ^ 

en 

168. An automatic production system in accordance with Claim 167 wherein H 
said master controller simultaneously controls said plurality of tools to perform UJ 
respective tooling operations on said plurality of units of work conveyed thereto. ^ 

169. A machine system for operating on a plurality of different workpieces § 
requiring different forms of tool operations performed by a plurality of tools, each tool £ 
being located at a respective machine work station and each being capable of q 
performing different tool operations, said machine system comprising: £ 

(a) a conveyor structured to move workpieces along a predetermined 2 
path past said machine work stations; ^ 

(b) a programmable controller coupled .to the tools and structured to S 
select a specific set of machine work stations to which each of said workpieces is Q 
conveyed, said set of machine work stations being different for different § 
workpieces; and ^ 

(c) a transfer device system coupled to the controller and positioned to 

permit selective transfer of each of the workpieces to only said selected set of ^ 

machine work stations, so that each of the workpieces follows a selected route ^ 

defined by the path of the conveyor and the selected set of transfers, to have a £ 

selected combination of tool operations performed thereon under the control of jZ 

said programmable controller. {j 
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170. A system in accordance with Claim 169 wherein: 

(a) said conveyor comprises a plurality of controllable, moveable work 
pallets; 

(b) said programmable controller comprises a master controller located 
remote from the pallets; and 

(c) wherein said master controller simultaneously controls a plurality 
of said pallets to select the routes and machine work stations to which said 
plurality of pallets are conveyed. 

171. A machining system for producing articles of manufacture from a 

plurality of workpieces of different shape, said system comprising: * 

(a) a plurality of machine tools capable of performing different £ 
machining operations on different units of work, each of said machine tools *A 
including a local controller having a preselected address; J| 

(b) conveyor means operable for holding a plurality of workpieces, u. 
and for conveying each workpiece to only selected of said machine tools; tt 

(c) transport means for transporting workpieces between said 15 
conveyor means and only said selected machine tools to permit select machining g 
sequences to be performed on each workpiece; and £ 

(d) programmable control means for selectively controlling the q 
operations of said conveyor means and said transport means for each workpiece £ 
and for selectively addressing said selected machine tools for controlling the £ 
machining operations of said selected machine tools. < 

172. A system for machining a plurality of different workpieces requiring q 

\l 

different machining operations, said system comprising: 2 

(a) a plurality of machining means for performing variable machining ^ 
operations; ^ 

(b) means for conveying each workpiece under the control of a £j 
programmable control means along a select route of travel defined by £ 
preselected stops at only selected of said machining means; £ 

(c) programmable control means for selecting the route of travel and 2 
particular machining means and operations for a particular workpiece, and for £ 
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controlling the conveying means so that said particular workpiece follows said 
selected route and stops only at said selected machining means to have particular 
machining operations performed thereon; and 

(d) means for selectively transferring a workpiece from said conveyor 
means to said selected machining means. 

173. An automatic production system comprising: 

(a) a plurality of production tools, 

(b) conveying means for conveying units of work to only selected of 
the tools for performing programmed operations on work carried to said selected 
tools by said conveying means, 

(c) control means for selectively addressing and controlling the 
operations of said plurality of tools in performing different operations on 
selected units of work conveyed to said tools, 

(d) automatic inspection means for inspecting work operated on by 
selected of said tools, and 

(e) means for offloading selected units of work from said conveying 
means for disposition in operative relation with respect to said automatic 
inspection means, and 

(0 wherein said control means also controls the operation of said 
automatic inspection means in a manner such that, when a unit of work is 
operativeiy aligned with said automatic inspection means, said automatic 
inspection means will perform a select inspection operation with respect to said 
unit of work. 

174. An automatic production system comprising: 

(a) a plurality of addressable program controllable tools, each 
structured to perform different programmed operations on different units of 
work, 

(b) an automatic conveyor structured to convey different work units 
only to selected of said tools, 

(c) a locator at selected of the tools positioned to locate work conveyed 
to the tool in a predetermined position within operating range of the tool, 
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(d) an automatic programmable inspection system located adjacent to 
the conveyor and positioned to inspect work operated on by selected of said 
tools, 

(e) a controller structured to generate selected, addressed command 
control signals and coupled to apply the control signals to the tools and the 
inspection system for selectively controlling the operation of said tools and for 
controlling the operation of said automatic inspection system to perform 
different inspection functions with respect to different units of work, and 

(0 said automatic inspection system including a work-identification 
subsystem having an output for control signals and coupled to the inspection 
system to trigger the inspection function applied to a work unit presented for 
inspection. 

175. An automatic production system in accordance with Claim 174 wherein 
said automatic inspection system comprises a plurality of separately operable automatic 
inspection tools. 

176. An automatic production system comprising: 

(a) a plurality of addressable program-controllable production tool 
means for performing different programmed operations with respect to different 
units of work, 

(b) automatic conveying means for conveying selected work units to 
stop only at selected of said tool means to permit the selected tool means to 
perform select operations with respect to the work units, 

(c) work locating and securing means at each of said tool means for 
prepositioning and holding work conveyed to said tool means and removed 
from the conveying means, 

(d) control means for controlling the programmed operations of said 
tool means, 

(e) said control means including (i) memory means having a plurality 
of command control messages recorded therein, (ii) means for controlling the 
reproduction of selected of said messages and (iii) for selectively addressing and 
communicating said reproduced messages to control the operations of said 
addressed tool means, 
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(0 means at each tool means for (i) identifying work units conveyed 
by said automatic conveying means to the vicinity of the tool means and (ii) 
generating identifying signals, and 

(g) means for employing said identifying signals to operate said 
reproduction control means in a manner to effect the reproduction of selected 
messages from said memory means and the application of said messages to 
control the tool means to perform selected programmed operations on the work 
located at said tool means, and 

(h) wherein said control means is also operable for controlling the 
operation of said work securing means to effect the release of work secured 
thereby after the tool means has completed its controlled operation on the work 
to permit the work to be conveyed by said conveying means to another of said 
selected tool means. 

177. An automatic production system comprising in combination: 

(a) a plurality of production tools arranged to form a production line 
in a work area, 

(b) a work conveyor including a plurality of separate work carriers and 
a power drive system for the carriers, 

(c) a movement control system structured to stop said carriers only at 
selected of said production tools, 

(d) a positioning system structured to dispose work stopped at each 
tool in operative alignment with the tool, 

(e) a securing device structured to hold work aligned at each tool, and 
(0 a controller coupled to selectively address the plurality of tools and 

control the operation of each addressed tool on work operatively aligned and 
secured at the tool to permit the tool to execute a programmed operation on the 
work, and 

(g) said controller further coupled to effect the release of work secured 
at each tool after the operation of the tool is completed to permit the work to be 
carried to the next selected production tool along said production line. 

178. An automatic production system in accordance with Claim 177 wherein: 
(a) said work conveyor comprises a track supported above said tools, 
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(b) said plurality of carriers being supported for movement along said 
track, and 

(c) the power drive system includes, for each carrier, a motor 
supported on and driving each carrier along said track parallel to said 
production line to carry the work to selected of said tools. 

179. An automatic production system in accordance with Claim 178 wherein 
the track is a monorail. 

180. An automatic production system in accordance with Claim 177 wherein: 

(a) the conveyor comprises an overhead supported bi-rail track with at 
least one bridge crane supported for movement along said bi-rail track and at 
least one work carrier suspended from the bridge across each crane, and 

(b) the power drive system is structured to move (i) the bridge of each 
crane along said bi-rail track and (ii) each suspended carrier back and forth along 
the crane bridge. 

181. An automatic production system for performing different tool operations, 
such as cutting and shaping operations on different units of work, and wherein the 
dimensions and shapes of the workpieces vary during the tool operations thereon and 
wherein quality control is required to properly process work, comprising: 

(a) a plurality of selectively addressable, program-controllable, fixed 
base tool means for performing the different tool operations on the different 
units of work, 

(b) automatic conveying means for operatively disposing selected of 
the different work units at selected tools, 

(c) means for automatically addressing and controlling selected tools 
to operate on the work units conveyed thereto, 

(d) automatic inspection means located proximate to said conveying 
means for inspecting work after it has been operated on by selected of said tools 
to determine if the tools have properly performed their automatic operations on 
the work inspected, 

(e) means for effecting predetermined relative alignment between said 
work and said automatic inspection means, 
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(f) control means for controlling the operation of said automatic 
inspection means to cause said inspection means to perform different 
programmed inspection operations on different units of work, 

(g) means for identifying work operatively aligned for inspection by 
said automatic inspection means and generating code signals identifying said 
work, and 

(h) means for applying said code signals to control the operation of 
said control means to effect selected inspection operations on different units of 
work operatively aligned with said inspection means. 

182. An automatic production system in accordance with Claim 181 wherein 
said automatic inspection means comprises a plurality of automatic inspection 
machines disposed at different locations in said production system. 

183. An automatic production system in accordance with Claim 182 wherein at 
least one of said automatic inspection machines is multi-axis in its operation. 

184. An automatic production system comprising in combination: 

(a) conveying means for supporting and carrying a plurality of pallets, 
each pallet containing at least one unit of work and being carried along a path to 
define a production line, 

(b) a plurality of production tools, each stationed at a location adjacent 
to the conveying means, with each tool being operable to perform programmed 
operations on work presented thereto, 

(c) at least one of said tools including an automatic inspection device 
for inspecting work fed thereto and determining the results of the operations of 
at least some of the others of said tools on work carried by said pallets, 

(d) means for aligning palletized work with selected of said tools to 
operatively locate the work with respect to said selected tools, and 

(e) means for generating selectively addressable command control 
messages and for selectively applying said messages to selected of said tools to 
predeterminedly control the operation of said selected tools and said automatic 
inspection device when respective units of work are operatively located with 
respect thereto to effect preprogrammed operations by said selected tools on said 
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work units and the automatic inspection of such work units after such operations 
are performed thereon. 

185. An automatic production system comprising in combination: 

(a) conveying means for supporting and carrying a plurality of pallets 
with each pallet holding at least one unit of work and being carried along a path 
to define a production line, 

(b) a plurality of production tools disposed adjacent to the conveying 
means with each tool being operable to perform programmed operations on 
work presented thereto, 

(c) a plurality of pallet transfer and support means disposed adjacent 
to said first conveying means, with each transport and support means containing 
(i) means for engaging a pallet conveyed thereto by the conveying means, and (ii) 
means for fixedly holding said pallets at said production tools to provide the 
work held thereby in fixed operative relation with respect to said tools, 

(d) means for selectively operating said transfer and support means 
when a selected pallet is presented thereto by the conveying means to selectively 
transfer said selected pallet into operative relation with respect to a selected tool 
to which it is conveyed by said conveyor means, 

(e) means for operating each pallet engaging means at a respective tool 
to fixedly hold each pallet presented thereto, and 

(f) means for generating selectively addressable command control 
messages and applying said control messages to control the operation of 
selectively addressed tools when selected work is operatively located at the tools 
by the pallets to cause the tools to perform preprogrammed operations on the 
selected units of work. 

186. An automatic production system comprising in combination: 

(a) conveying means for supporting and carrying a plurality of pallets 
with each pallet containing at least one unit of work and travelling a path 
defining a production line, 

(b) a plurality of production tool means disposed adjacent to said 
conveying means, for performing programmed operations on work presented 
thereto, 
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(c) addressable storage means located at each tool means for storing 
respective command control signals and including means for selectively 
reproducing control signals therefrom for controlling the tool means, 

(d) a plurality of transfer means disposed adjacent to the conveying 
means for transferring pallets therefrom to respective of said tool means, and 
means at each tool for operatively locating work with respect to the too! means, 

(e) means for selectively operating said transfer means when a selected 
pallet containing work to be operated on by a selected tool means adjacent to 
said transfer means is conveyed to the transfer means to cause said transfer 
means to transfer the selected pallet to the selected tool means, 

(f) control means for generating selectively addressable command 
control messages and means for selectively communicating respective of said 
messages to selected of said signal storage means, and means for recording the jz 
communicated messages in said selected signal storage means for use when S 
reproduced thereafter in controlling respective of the tool means, and £ 

(g) means at each transfer means for (i) identifying pallets on the ? 
conveying means, (ii) activating the transfer means when selected pallets are >- 
identified to transfer said selected pallets to selected of said production tool ^ 
means, and (iii) effecting control of the signal storage means of the selected tool C 
means to reproduce selected messages stored thereby and to apply said selected £ 
messages to control the selected tool means to perform programmed operations U 

on the work located thereat. C 

2 
C 

187. An automatic production system comprising in combination: P 

(a) conveying means for supporting and carrying a plurality of pallets, *| 
each containing at least one unit of work, in a given direction defining a P£ 
production line, 2 

(b) a plurality of addressable production tool means disposed adjacent § 
to said conveying means for performing programmed operations on work «jj 
presented thereto, P 

(c) a plurality of pallet transfer means disposed along said conveying § 
means for transferring pallets from said conveying means to respective of said Q 
tools, j£ 

(d) control means for generating command control messages, and 0 
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(e) means for selectively addressing said pallet transfer means and 
said tools to selectively apply said command control messages to control the 
operations of selected of said pallet transfer means and said tools in a manner to 
effect the transfer of selected work-holding pallets to selected of said tools and to 
■ predeterminately control the operation of said selected tools on work held by 
selected of said pallets and to further effect the transfer of said pallets and work 
back to said conveying means after said operations have been performed on the 
work held by said pallets by said tools. 

188. An automatic production system comprising in combination: 

(a) conveying means for supporting and carrying a plurality of pallets, 
each pallet holding at least one unit of work, along a given path defining a 
production line, 

(b) a plurality of production tool means disposed adjacent to said 
conveying means for performing programmed operations on work presented 
thereto, 

(c) a plurality of pallet transfer means disposed along said conveying 
means for selectively transferring pallets from said conveying means to a 
position in range of said tool means, 

(d) means aligned with each tool means for engaging a pallet 
transferred to said tool means by said transfer means, 

(e) support means for fixedly holding a pallet in a manner to provide 
the work held by said pallet in fixed operative relation with respect to the tool 
means, and 

(f) control means for generating command control signals and 
selectively applying said control signals to control the operations of only selected 
of said pallet transfer means and of said support means to effect the selective 
transfer of only selected work-holding pallets to only selected of said tool means 
and the fixed retention of said pallets at the tool means to which they are 
transferred to permit said tool means to perform programmed operations on the 
work presented thereto by said pallets. 

189. An automatic production system in accordance with Claim 188 wherein 
said control means is also operable to selectively address and control the programmed 


Serial No. 07/636,414 


Page 31 


operation of each selected tool means after a selected work-holding pallet is transferred 
from said conveying means to the support means at the tool means and is fixedly held 
in an operative position. 

190. An automatic production system in accordance with Claim 189 wherein 
said control means is also operable to selectively address and control the operation of 
selected of said means for fixedly holding pallets in a manner to permit same to hold a 
selected pallet and fixedly position work held by the pallet with respect to the tool 
means and to release the pallet to permit the pallet and work to be transferred from the 
tool support means back to said conveying means. 

191. An automatic production system in accordance with Claim 188 wherein 
said control means is also operable to selectively address and control said pallet transfer 
devices, after selectively controlling the operation of a tool means to perform on work 
held by a pallet to transfer pallets from the pallet support means of the tool means to 
said conveying means to permit said conveying means to carry pallets to another 
selected tool means adjacent to said production line. 

192. An automatic production system comprising in combination: 

(a) a conveyor supporting and carrying a plurality of pallets in a given 
direction along a select path defining a production line, each pallet holding at 
least one unit of work, 

(b) a plurality of production tools disposed along said conveyor and 
structured to perform different programmed operations on different units of 
work conveyed thereto on said pallets, 

(c) a plurality of pallet transfer devices, located adjacent to said 
conveyor so as to transfer a pallet from said conveyor to dispose it and the work 
it holds adjacent to at least one selected production tool, 

(d) a securing device at each tool structured to engage and hold a 
pallet at a predetermined location with respect to said tool and to dispose the 
work held by the pallet in a fixed position with respect to the tool, within 
operating range of the tool, and 

(e) a controller structured to generate and selectively address 
command control messages to control selected pallet transfer devices, securing 
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devices, and production tools: (1) to transfer selected of said pallets to selected of 
said tools, and (2) to perform selected programmed operations on selected work 
supported by said selected pallets. 

193. An automatic production system in accordance with Claim 192 wherein 
said controller is also structured to control the operations of a plurality of said tools to 
permit each of said selected tools to simultaneously operate on work presented thereto 
on said pallets. 

194. An automatic production system in accordance with Claim 192 wherein 
said controller is a master controller controlling the operations of said securing devices 
to cause them to hold pallets and to fixedly position work held by said pallets with 
respect to an associated tool and to release the pallets to permit the pallets and work to 
be transferred from the associated securing device to said conveyor. 

195. An automatic production system in accordance with Claim 192 wherein 
said controller is a remote controller located remotely from said pallet transfer devices 
and their associated tools. 

196. An automatic production system comprising in combination: 

(a) conveying means for supporting and carrying a plurality of pallets 
in a given direction defining a production line, each pallet containing at least one 
unit of work, 

(b) a plurality of production tools disposed adjacent to said conveying 
means, with each tool being operable to perform programmed operations on 
work presented thereto, 

(c) said tools including a plurality of cutting tools operable to cut and 
remove material from work presented thereto, 

(d) said tools also including at least one automatic inspection means 
for inspecting work fed thereto and detecting the results of the operation of said 
tools in removing material from said work, 

(e) means for transferring palletized work from said conveying means 
to selected of said tools, and 
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(f) control means for generating command control messages and 
selectively distributing and applying said messages to control the operation of 
said pallet transfer means, selected of said tools, and said automatic inspection 
device in a manner to effect the transfer of selected work to only said selected 
tools, to permit the tools to perform selected programmed operations on work 
transferred thereto, and to effect the automatic inspection of said work after it is 
operated on by at least one of said tools to automatically determine if the tool has 
properly performed a programmed operation on said work. 

197. An automatic production system in accordance with Claim 196 including 
a feedback control system for controlling the operation of said automatic inspection 
device to permit the device to perform different inspection operations on different units 
of work. 

198. An automatic production system comprising: 

(a) a plurality of tools, each supported on a base that does not move 
during operation of the production system, 

(b) automatic conveying means for conveying units of work to selected 
of said tools for the performing of programmed operations on the work units by 
the selected tools, 

(c) control means for controlling the operations of said tools when 
work is disposed at said tools by said conveying means to permit different 
programmed operations to be performed on different units of work, and 

(d) an automatic inspection means disposed proximate to said 
automatic conveying means, 

(e) said automatic inspection means being programmable in its 
operation, and 

(0 said control means being operable to control said conveying means 
to feed a selected unit of work to said automatic inspection means and to 
controilably program the operation of said inspection means when a unit of work 
is disposed thereat to permit said automatic inspection means to perform a 
selected programmed inspection operation on said work. 
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199. An automatic production system in accordance with Claim 198 including 
feedback control means for said automatic inspection means responsive to a signal 
generated by said control means for controlling the operation of said automatic 
inspection means to perform selected inspection operations on different units of work 
fed to said automatic inspection means. 

200. An automatic production system in accordance with Claim 198 wherein 
said automatic inspection means is located at one of said tools that is operable to 
machine work, said automatic inspection means being operable to inspect work that is 
machined by the tool. 

201. An automatic production system in accordance with Claim 200 wherein 

said machine performs a cutting cycle, and said automatic inspection means is operable Z 

to inspect work at the tool during the cutting cycle. $ 

U 

202. An automatic production system comprising in combination: 

(a) first means including a plurality of self-propelled conveying means 
for conveying a plurality of units of work in sequence along a path, 

(b) second means including a plurality of variably operable powered C 
tools, each of which is stationed during operation of the first means at a different W 
location adjacent to said path, U< 

(c) third means for generating selectively addressable command ^ 
control signals in the form of separate machine control messages for use in Q 
controlling the operation of said tools, H 

(d) fourth means at each of said tools for receiving selectively 

addressed messages generated by said third means, & 

(e) fifth means for transmitting selectively addressed messages g 
generated by said third means to said receiving means of selected of said tools, 

(f) sixth means at each of said tools for applying the selectively <; 
received messages to control the operation of said tool, and H 

(g) seventh means for detecting the presence of work carried by said w 
conveying means when said work is operatively aligned with respective of said 2 
tools and for initiating the generation and application of select control signals to £ 
control the operation of the tool at which the work is aligned, £ 
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(h) said programmed operation on said work being in accordance with 
the information defined by the selectively addressed messages received at the 
tool. 


(a) first means including self-propelled conveyors for conveying a 
plurality of units of work in sequence along a path, 


203. An apparatus in accordance with Claim 202 wherein each of said tools is 
operable to perform controlled operations on work supported by said conveying moans 
while said conveying means is stopped at the tool. 

204. An apparatus in accordance with Claim 202 wherein at least certain of 
said tools are numerically controllable tools and said selectively addressed control 
messages are operable to numerically control the operation of said tools to perform 
programmed operations on work supported by respective of said self-propelled 

conveying means. Z 

205. An automatic production system comprising in combination: Uj 

u 

(b) second means including a plurality of separately operable and 
selectively addressable powered tools, each of which is stationed during O 
operation of said first means at one of a plurality of different locations along said W 
path, Ui 

o 

(c) third means operable to generate selectively addressable command 
control signals in the form of separate machine control messages for use in O 
controlling the operation of respective of said selectively addressable tools, H 

(d) fourth means having a specific address at each of said tools for ^ 

selectively receiving only correspondingly addressed messages generated by & 

said third means, £ 

Z 

(e) fifth means for transmitting selectively addressed messages hh 
generated by said third means to respective of said receiving means of selected of 
said tools for controlling the operation of of said tools, and H 

(f) sixth means for detecting the presence of work on said conveying § 
means when said work is operatively aligned with respective of said tools and Q 
for initiating the generation and application of selectively addressed control £ 
signals to control the operation of selected of the tools at which said work is £ 
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aligned to cause said tools to perform a programmed operation on the work 
supported by the conveying means, 

(g) said programmed operation on said work being in accordance with 
the information defined by the selectively addressed messages received at said 
tool. 

206. An automatic production system comprising in combination: 

(a) a power-operated conveyor structured to move a plurality of units 
of work along a path, 

(b) a plurality of separately operable powered tools disposed at 
different locations adjacent to said conveyor, 

(c) a selectively addressable command control signal generator, said 
command control signals arranged in the form of separate messages useable in 2 
controlling the operation of selective of said tools, c/i 

(d) a receiver at each of said tools structured to receive messages from u 
said signal generator, said receiver including a specific address, j| 

(e) a transmission system for specifically addressed messages coupling j-j 
said signal generator and said specifically addressable receivers of selected of ^ 
said tools, wherein each of said receivers is coupled to the corresponding C 
powered tool so as to permit application of the selectively received messages to g 
control the operation of said selected tools, and £ 

(f) a detector positioned to detect the presence of work conveyed by 

said conveyor when said work is aligned with a respective tool, wherein said g 
detector is coupled to the corresponding powered tool so as to apply select h 
command control signals received by the receiver corresponding to said tool to ^ 
cause the tool to perform a predetermined operation on the work aligned thereat g 
defined by said select command control signals. 

207. An automatic production system in accordance with Claim 206 wherein at < 
least one of said tools includes an automatic manipulator having a moveable arm h 
assembly and an operating head supported thereby. U 

u 

c 
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208. An automatic production system comprising in combination: 

(a) a power-operated conveyor structured to carry a plurality of units 
of work in sequence along a path, 

(b) a plurality of separately operable powered tools disposed at 
different locations adjacent to said conveyor, 

(c) a master controller having an output for selectively addrpssed 
command control signals arranged in the form of separate messages, and 

(d) a receiver at each of said tools including a specific address, said 
receiver structured to apply only correspondingly addressed messages received 
from said master controller to control the operation of the tool to selectively 
operate on work delivered by said conveyor to said selected tool 

209. The apparatus of claim 208 further comprising a selectively addressable Z 
receiver associated with the conveyor, which receiver is coupled to the conveyor so as & 
to apply correspondingly addressed command control signals from the master w 
controller to control operation of the conveyor. ^ 

. , . W 

210. An automatic production system comprising in combination: 

(a) first means including a power-operated conveying means for 0 
conveying a plurality of units of work in sequence along a path, W 

(b) second means including a plurality of separately addressable tools U- 

C 

disposed at different locations adjacent to said conveying means, ^ 

(c) third means including control means operative to generate C 
command control signals in the form of separate messages for use in selectively ir 
addressing and controlling the operation of selected of said tools, and ^ 

(d) fourth means at each of said tools for receiving, recording and ^ 
reproducing selectively addressed command control signals transmitted from ^ 
said control means and for applying same to automatically operate on work 
delivered by said conveying means to said tool. < 

h 
2 

21 1. An automatic production system comprising in combination: it 


(a) first means including power-operated conveying means for 


c 

u. 

conveying a plurality of units of work along a path, 2 
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(b) second means including a plurality of individually addressable and 
separately operable powered tools, each of which is stationed during operation 
of the first means at a different location adjacent to said conveying means, 

(c) third means for generating selectively addressed command control 
signals in form of separate messages for communication to correspondingly 
addressed tools for use in controlling the operation of said tools, 

(d) fourth means associated with each of said tools and having an 
individual address identifying said tool for selectively receiving and recording 
correspondingly addressed messages communicated from said third means and 
for selectively reproducing said recorded control signals when work is 
positioned at said tool, 

(e) fifth means for selectively communicating addressed messages 
generated by said third means to said correspondingly addressed fourth means 
of selected of said tools and means for applying the received and reproduced 
messages to control the operation of said respective tools, and 

(f) sixth means for detecting the presence of and identifying work 
conveyed by said conveying means when said work is operatively aligned with a 
respective tool and for applying select command control signals reproduced 
from recorded messages to cause the tool to perform a predetermined operation 
on the work at the tool in accordance with the tool control function defined by 
said select command control signals. 

212. An automatic production system comprising in combination: 

(a) conveying means for a plurality of work holding pallets each 
supporting at least one unit of work, said conveying means being operable to 
convey said pallets along a select path, 

(b) a plurality of work stations located adjacent to said path, each work 
station having a tool and power operated means for holding and locating a work 
pallet at the tool, 

(c) each of said tools having a power operated tool, first motor means 
for effecting multi-axis movement of said tool, and respective control means for 
each of said motor means, 

(d) remote control signal generating means for generating addressed 
tool control signals in the form of command control messages, 
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(e) each of said work stations having an addressable message signal 
receiving and recording means, 

(f) means for operating said remote control signal generating means to 
cause it to generate and transmit respective of said addressed command control 
messages to correspondingly addressed work station receiving and recording 
means to effect receipt and recording of select messages at select work stations 

(g) means for identifying each of said work holding pallets when the 
pallet is conveyed by said conveying means to select work stations and for 
generating control signals, and 

(h) means for applying said latter control signals to effect the transfer 
of said work from said conveying means to a predetermined position with 
respect to the tool of the select work station. 

213. An automatic production system in accordance with Claim 212 wherein 
the work is predeterminately located on the pallets and the pallets are held and 
prepositioned at the work stations. 

214. An automatic production system in according with Claim 212 wherein 
said pallets contain readable codes and said identifying means scans said codes to 
identify said pallets at said work stations. 

215. An automatic production system comprising: 

(a) a plurality of tools stationed at respective tool positions located 
spaced apart with respect to each other, each tool including a tool controller, 

(b) a conveyor structured to convey units of work to respective work 
positions within range of selected of the tools, 

(c) a remote controller located remote from the tool controllers having 
an output for command control signals that can effect control of any of the tools 
through their respective tool controllers, and 

(d) a selective addressing system coupling the output of the remote 
controller to the tool controllers, wherein the selective addressing system is 
structured to distribute command control signals on the output of the remote 
controller to the tool controllers, and wherein distributed command control 
signals are applied at only a selected set of the tools by the respective tool 
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controller of each of the selected set of tools to control the selected tool to 
perform tooling operations on a selected unit of work conveyed to the work 
position within range of the selected tool. 

216. The apparatus of claim 215 wherein the units of work are each secured to 
a pallet. 

217. The apparatus of claim 215 wherein the conveyor is arranged in a straight 

line. 


218. The apparatus of claim 215 wherein the conveyor is substantially 
horizontal. 

219. The apparatus of claim 215 wherein the units of work are supported on 
top of the conveyor. 

220. The apparatus of claim 215 wherein the conveyor carries a plurality of 
units of work at once. 


221. The apparatus of claim 215 wherein the conveyor comprises an endless 

belt. 

222. The apparatus of claim 221 wherein the tools are adjacent to the side of the 
conveyor belt. 

223. The apparatus of claim 215 wherein the conveyor comprises a chain 
conveyor. 

224. The apparatus of claim 215 wherein the conveyor comprises a flight 
conveyor. 

225. The apparatus of claim 215 wherein the conveyor is structured to provide 
a workpiece support surface that, is substantially flat and has two edges parallel to the 
direction of travel of the conveyor. 
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226. The apparatus of claim 225 wherein at least some of the tools are adjacent 
to each of the edges. 

227. The apparatus of claim 215 wherein the conveyor moves units of work in 
a single direction. 

228. The apparatus of claim 215 wherein at least one of the tools comprises a 
cutting machine. 

229. The apparatus of claim 215 wherein at least one of the tools comprises a 
riveting machine. 

230. The apparatus of claim 215 wherein at least one of the tools comprises a 
machining device. 

231. The apparatus of claim 215 wherein at least one of the tools comprises a 

drill. 

232. The apparatus of claim 215 wherein at least one of the tools comprises an 
automatic welder. 

233. The apparatus of claim 215 wherein at least one of the tools comprises a 
fastening machine. 

234. The apparatus of claim 215 wherein at least one of the tools comprises a 
combination drilling-riveting tool. 

235. The apparatus of claim 215 wherein at least one of the tools comprises an 
inspection tool. 

236. The apparatus of claim 215 wherein at least one of the tools comprises a 
camera. 
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237. The apparatus of claim 215 wherein at least one of the tools comprises a 
manipulator. 

238. The apparatus of claim 215 wherein at least one of the tools comprises a 
multi-axis manipulator. 

239. The apparatus of claim 215 wherein at least one of the tools comprises an 
articulated manipulator. 

240. The apparatus of claim 215 wherein at least one of the tools comprises a 
grasping device. 

241. The apparatus of claim 215 wherein at least one of the tools includes a 
moveable operating head. 

242. The apparatus of claim 241 further comprising a multi-axis drive system 
coupled to the operating head. 

243. The apparatus of claim 242 wherein the operating head is moveable in 
three dimensions. 

244. The apparatus of claim 215 wherein at least one of the tools includes a 
storage device holding a plurality of control programs, each of which can control the 
tool to perform different combinations of operations on a unit of work within range of 
the tool. 

245. The apparatus of claim 215 wherein the tools are floor-mounted. 

246. The apparatus of claim 215 further comprising a workstation adjacent to 
the conveyor having at least one tool stationed thereat, and a transfer device positioned 
to move a unit of work from the conveyor to the workstation. 
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247. The apparatus of claim 215 further comprising a bridge crane above the 
conveyor having a carriage moveable across the conveyor in a direction perpendicular 
to the direction of travel of the units of work on the conveyor. 

248. The apparatus of claim 215 wherein the selective addressing system 
includes a signal receiver coupled to each of the tool controllers. 

249. The apparatus of claim 248 wherein the signal receiver includes a code 
matcher. 

250. The apparatus of claim 215 wherein the selective addressing system 
includes a wireless transmission system. 

251 . The apparatus of claim 215 wherein the selective addressing system 
includes a cable with branches extending to each tool. 

252. The apparatus of claim 215 wherein the selective addressing system 
includes a modulated light wave communication system. 

253. The apparatus of claim 215 wherein the central controller further 
comprises a storage device holding tool control programs. 

254. The apparatus of claim 215 wherein the central controller is further 
programmed to control at least some of the tools to perform different operations on 
different units of work. 

255. The apparatus of claim 215 wherein: 

(a) the conveyor comprises an endless belt having a support surface 
that is substantially flat and has two edges parallel to the direction of travel of 
the conveyor, 

(b) the conveyor belt carries a plurality of units of work at once on its 
top in a single direction along a substantially horizontal path, and 

(c) the tools are supported on bases adjacent to the side of the 
conveyor belt during operation of the conveyor. 
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256. The apparatus of claim 255 wherein at least some of the tools are adjacent 
to each of the edges. 


257. The apparatus of claim 215 wherein the central controller is further 
programmed to control at least some of the tools to perform different operations on 
different units of work, and wherein at least one of the tools comprises: 

(a) a multi-axis manipulator having a grasping device and a multi-axis 
drive system coupled to the grasping device, and 

(b) a storage device holding a plurality of control programs, each of 
which can control the tool to perform different combinations of operations on a 
unit of work within range of the tool. 

2 
r 

258. An automatic production system comprising: 2r : 

(a) a plurality of tools disposed at respective work positions located £ 
spaced apart with respect to each other, each of said tools including a tool j| 
controller, 

(b) a conveyor structured to convey units of work to respective work ^ 
positions to be operated on by selected of said plurality of tools, C 

(c) a transfer device adjacent to at least one of the work positions and U 
positioned to move selected units of work from the conveyor to the work u 
positions; ^ 

(d) a remote controller located remote from said tool controllers having Q 
an output for a plurality of command control signals operable to effect control of H 
a tool through its tool controller, and ^ 

(e) a selective addressing system coupling the output of the remote & 

controller to the tool controllers, wherein the selective addressing system is U 

structured to distribute the command control signals from the remote controller >- 

to the tool controllers for application at only selected ones of said tools by the « 

respective tool controller of each of said selected tools to control the selected tool f- 

to automatically perform tooling operations on a selected unit of work conveyed £ 

to the selected tool. £ 

7 
C 
t 
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259. An automatic production system in accordance with Claim 258 wherein 
said remote controller comprises a master controller located remotely from said tools 
and said conveyor and wherein said master controller simultaneously controls the 
conveyor and transfer devices. 

260. An automatic production system in accordance with Claim 259 wherein 
said master controller simultaneously controls said plurality of tools to perform 
respective tooling operations on said plurality of units of work conveyed and 
transferred to the work positions. 

261. An automatic production system comprising: 

(a) a plurality of addressable program controllable tools, each 

structured to perform different programmed operations from a stationary £ 
position on different units of work, ^ 

(b) an automatic conveyor structured to convey different work units 

only to selected of said stationary tools, S 

(c) a locator at selected of the tools positioned to locate work conveyed J 
to the tool in a predetermined position within operating range of the tool, *j 

(d) an automatic programmable inspection system located adjacent to C 

Cm 

the conveyor and positioned to inspect work operated on by selected of said uj 

tools, Uu 

(e) a controller structured to generate selected, addressed command ^ 
control signals and coupled to apply the control signals to the tools and the q 
inspection system for selectively controlling the operation of said tools and for h 
controlling the operation of said automatic inspection system to perform ^ 
different inspection functions with respect to different units of work, and ^ 

(f) said automatic inspection system including a work-identification u. 
subsystem having an output for control signals and coupled to the inspection 

system to trigger the inspection function applied to a work unit presented for ^ 

inspection. P 

262. An automatic production system in accordance with Claim 261 wherein £ 
said automatic inspection system comprises a plurality of separately operable automatic £ 


inspection tools. 


C 
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263. An automatic production system in accordance with Claim 262 wherein at 
least one of said automatic inspection tools is multi-axis in its operation. 

264. An automatic production system in accordance with Claim 261 wherein at 
least one of said tools includes an automatic manipulator having a moveable arm 
assembly and an operating head supported thereby. 

265. An automatic production system comprising: 

(a) a plurality of addressable program controllable tools, each 
structured to perform different programmed operations on different units of 
work, 

(b) an automatic conveyor structured to convey different work units 
only to selected of said tools, 

(c) a locator at selected of the tools positioned to remove work from 
the conveyor and to locate work conveyed to the tool in a predetermined 
position within operating range of the tool, 

(d) an automatic programmable inspection system located adjacent to 
the conveyor and positioned to inspect work operated on by selected of said 
tools, 

(e) a controller structured to generate selected, addressed command 
control signals and coupled to apply the control signals to the tools and the 
inspection system for selectively controlling the operation of said tools and for 
controlling the operation of said automatic inspection system to perform 
different inspection functions with respect to different units of work, and 

(f) said automatic inspection system including a work-identification 
subsystem having an output for control signals and coupled to the inspection 
system to trigger the inspection function applied to a work unit presented for 
inspection. 

266. An automatic production system in accordance with Claim 265 wherein 
said automatic inspection system comprises a plurality of separately operable automatic 
inspection tools. 
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267. An automatic production system in accordance with Claim 265 wherein 
each of said plurality of addressable program controllable tools are disposed at a 
stationary position during operation of the conveyor. 

268. An automatic production system comprising in combination: 

(a) a plurality of fixed-base production tools located to form a 
production line in a work area, 

(b) a work conveyor including a plurality of separate work carriers 
moveable along the production line and a powered carrier drive system, 

(c) a movement control system structured to stop said carriers only at 
selected of said production tools, 

(d) a positioning system structured to dispose work stopped at each 
tool in operative alignment with the tool, 

(e) a securing device structured to hold work aligned at each tool, and 
(0 a controller coupled to selectively address the plurality of tools and 

control the operation of each addressed tool on work operatively aligned and 
secured at the tool to permit the tool to execute a programmed operation on the 
work, and 

(g) said controller further coupled to effect the release of work secured 
at each tool after the operation of the tool is completed to permit the work to be 
carried to the next selected production tool along said production line. 

269. An automatic production system in accordance with Claim 268 wherein: 

(a) said work conveyor comprises a track supported above said tools, 

(b) said plurality of carriers being supported for movement along said 
track, and 

(c) the power drive system includes, for each carrier, a motor 
supported on and driving each carrier along said track parallel to said 
production line to carry the work to selected of said tools. 

270. An automatic production system in accordance with Claim 269 wherein 
the track is a monorail. 
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271. An automatic production system in accordance with Claim 268 wherein: 

(a) the conveyor comprises an overhead supported bi-rail track with at 
least one bridge crane supported for movement along said bi-rail track and at 
least one work carrier suspended from the bridge across each crane, and 

(b) the power drive system is structured to move (i) the bridge of each 
crane along said bi-rail track and (ii) each suspended carrier back and forth along 
the crane bridge. 

272. An automatic production system in accordance with Claim 268 wherein at 
least one of said tools includes an automatic manipulator having a moveable arm 
assembly and an operating head supported thereby. 

273. An automatic production system comprising in combination: 

(a) a plurality of production tools arranged to form a production line 
in a work area, 

(b) a work conveyor including a plurality of separate work carriers and 
a power drive system for the carriers, 

(c) a movement control system structured to detach said carriers from 
said power drive system and to stop only at selected of said production tools, 

(d) a positioning system structured to dispose work stopped at each 
tool in operative alignment with the tool, 

(e) a securing device structured to hold work aligned at each tool, and 

(f) a controller coupled to selectively address the plurality of tools and 
control the operation of each addressed tool on work operatively aligned and 
secured at the tool to permit the tool to execute a programmed operation on the 
work, and 

(g) said controller further coupled to effect the release of work secured 
at each tool after the operation of the tool is completed to permit the work to be 
carried to the next selected production tool along said production line. 

274. An automatic production system in accordance with Claim 273 wherein 
the plurality of production tools have fixed bases. 
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275. An automatic production system comprising in combination: 

(a) a power-operated conveyor structured to move a plurality of units 
of work along a path, 

(b) a plurality of separately operable powered tools, each disposed 
during operation of said conveyor at different fixed locations adjacent to and 
along said conveyor, 

(c) a selectively addressable command control signal generator, said 
command control signals arranged in the form of separate messages useable in 
controlling the operation of selective of said tools, 

(d) a receiver at each of said tools structured to receive messages from 
said signal generator, said receiver including a specific address, 

(e) a transmission system for specifically addressed messages coupling 
said signal generator and said specifically addressable receivers of selected of 
said tools, wherein each of said receivers is coupled to the corresponding 
powered tool so as to permit application of the selectively received messages to 
control the operation of said selected tools, and 

(f) a detector positioned to detect the presence of work conveyed by 
said conveyor when said work is aligned with a respective tool, wherein said 
detector is coupled to the corresponding powered tool so as to apply select 
command control signals received by the receiver corresponding to said tool to 
cause the tool to perform a predetermined operation on the work aligned thereat 
defined by said select command control signals. 

276. An automatic production system in accordance with Claim 275 wherein at 
least one of said tools includes an automatic manipulator having a moveable arm 
assembly and an operating head supported thereby. 

277. An automatic production system in accordance with Claim 276 wherein a 
power-operated device supported by the operating head of said automatic manipulator 
is controlled by part of the selectively received messages applied to control the 
operation of said tool on work aligned thereat. 

278. An automatic production system in accordance with Claim 275 wherein at 
least one of said tools includes a moveable operating head. 
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279. An automatic production system comprising in combination: 

(a) a power-operated conveyor structured to move a plurality of units 
of work along a path, 

(b) a plurality of separately operable powered tools disposed at 
different locations adjacent to said conveyor, 

(c) a selectively addressable command control signal generator, said 
command control signals arranged in the form of separate messages useable in 
controlling the operation of selective of said tools, 

(d) a receiver at each of said tools structured to receive messages from 
said signal generator, said receiver including a specific address, 

(e) a transmission system for specifically addressed messages coupling 

said signal generator and said specifically addressable receivers of selected of £ 
said tools, wherein each of said receivers is coupled to the corresponding Q 
powered tool so as to permit application of the selectively received messages to 
control the operation of said selected tools, S 

(f) a detector positioned to detect the presence of work conveyed by J 
said conveyor when said work is aligned with a respective tool, and *j 

(g) a transfer device responsive to the detector and structured and 0 

Dm 

positioned to transfer aligned units of work from the conveyor to the work w 

station, Uu 

(h) wherein said detector is coupled to the corresponding powered tool 

so as to apply select command control signals received by the receiver q 

corresponding to said tool to cause the tool to perform a predetermined h 

operation on the work aligned thereat defined by said select command control ^ 

signals. & 

280. An automatic production system in accordance with Claim 279 wherein i~ 
each of said tools are stationed at the respective work stations during operation of the ^ 
conveyor. h 

281. An automatic production system comprising in combination: £ 
(a) a power-operated conveyor structured to carry a plurality of units £ 

of work in sequence along a path, £ 
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(b) a plurality of separately operable powered tools, each stationed 
during operation of said conveyor at different locations adjacent to said 
conveyor, 

(c) a central controller having an output for selectively addressed 
command control signals arranged in the form of separate messages, and 

(d) a receiver at each of said tools including a specific address, said 
receiver structured to apply only correspondingly addressed messages received 
from said master controller to control the operation of the tool to selectively 
operate on work delivered by said conveyor to said selected tool. 


282. The apparatus of claim 281 further comprising a selectively addressable 
receiver associated with the conveyor, which receiver is coupled to the conveyor so as 

to apply correspondingly addressed command control signals from the central £ 

controller to control operation of the conveyor ^ 

J 

283. The apparatus of claim 281 wherein the units of work are each secured to ^ 
a pallet. ^ 

284. The apparatus of claim 281 wherein the conveyor is arranged in a straight £ 

line. 


U 

285. The apparatus of claim 281 wherein the conveyor is substantially ~ 
horizontal. q 

h 

286. The apparatus of claim 281 wherein the units of work are supported on ^ 
top of the conveyor. C£ 

287. The apparatus of claim 281 wherein the conveyor comprises an endless £ 
belt. 5 

288. The apparatus of claim 287 wherein the tools are adjacent to the side of the £ 

conveyor belt. £ 

U 
2 
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289. The apparatus of claim 281 wherein the conveyor comprises a chain 
conveyor. 

290. The apparatus of claim 281 wherein the conveyor comprises a flight 
conveyor. 

291. The apparatus of claim 281 wherein the conveyor is structured to provide 
a workpiece support surface that is substantially flat and has two edges parallel to the 
path. 

292. The apparatus of claim 291 wherein at least some of the tools are adjacent 
to each of the edges. 

293. The apparatus of claim 281 wherein the conveyor moves units of work in 
a single direction. 

294. The apparatus of claim 281 wherein at least one of the tools comprises a 
cutting machine. 

295. The apparatus of claim 281 wherein at least one of the tools comprises a 
riveting machine. 

296. The apparatus of claim 281 wherein at least one of the tools comprises a 
machining device. 

297. The apparatus of claim 281 wherein at least one of the tools comprises a 

drill. 

298. The apparatus of claim 281 wherein at least one of the tools comprises an 
automatic welder. 

299. The apparatus of claim 281 wherein at least one of the tools comprises a 
fastening machine. 
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300. The apparatus of claim 281 wherein at least one of the tools comprises a 
combination drilling-riveting tool. 

301. The apparatus of claim 281 wherein at least one of the tools comprises an 
inspection tool. 

302. The apparatus of claim 281 wherein at least one of the tools comprises a 
camera. 

303. The apparatus of claim 281 wherein at least one of the tools comprises a 
manipulator. 

304. The apparatus of claim 281 wherein at least one of the tools comprises a 
multi-axis manipulator. 

305. The apparatus of claim 281 wherein at least one of the tools comprises an 
articulated manipulator. 

306. The apparatus of claim 281 wherein at least one of the tools comprises a 
grasping device. 

307. The apparatus of claim 281 wherein at least one of the tools includes a 
moveable operating head. 

308. The apparatus of claim 307 further comprising a multi-axis drive system 
coupled to the operating head. 

309. The apparatus of claim 308 wherein the operating head is moveable in 
three dimensions. 

310. The apparatus of claim 281 wherein at least one of the tools includes a 
storage device holding a plurality of control programs, each of which can control the 
tool to perform different combinations of operations on a unit of work within range of 
the tool. 
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311. The apparatus of claim 281 wherein the tools are floor-mounted. 

312. The apparatus of claim 281 further comprising a workstation adjacent to 
the conveyor having at least one tool stationed thereat, and a transfer device positioned 
to move a unit of work from the conveyor to the workstation. 

313. The apparatus of claim 281 further comprising a bridge crane above the 
conveyor having a carriage moveable across the conveyor in a direction perpendicular 
to the path. 

314. The apparatus of claim 313 wherein the receiver includes a code matcher. 

315. The apparatus of claim 281 wherein the central controller and the 
receivers at the tools are structured to transmit the messages via wireless transmission. 

316. The apparatus of claim 281 wherein the central controller and the 
receivers at the tools are coupled with a cable having branches extending to each tool. 

317. The apparatus of claim 281 wherein the central controller and the 
receivers at the tools are structured to transmit the messages via modulated light wave 
communication. 

318. The apparatus of claim 281 wherein the central controller further 
comprises a storage device holding tool control programs. 

319. The apparatus of claim 281 wherein the central controller is further 
programmed to control at least some of the tools to perform different operations on 
different units of work. 

320. The apparatus of claim 281 wherein: 

(a) the conveyor comprises an endless belt having a support surface 
that is substantially flat and has two edges parallel to the path, 
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(b) the conveyor belt carries the plurality of units of work on its top in 
a single direction along a substantially horizontal path, and 

(c) the tools are supported on bases adjacent to the side of the 
conveyor belt during operation of the conveyor. 

321. The apparatus of claim 320 wherein at least some of the tools are adjacent 
to each of the edges. 

322. The apparatus of claim 281 wherein the master controller is further 
programmed to control at least some of the tools to perform different operations on 
different units of work, and wherein at least one of the tools comprises: 

(a) a multi-axis manipulator having a grasping device and a multi-axis 

drive system coupled to the grasping device, and H 

(b) a storage device coupled to the receiver and holding a plurality of c/) 
control programs, each of which can control the tool to perform different UJ 
combinations of operations on a unit of work within range of the tool. ^ 

U 

323. An automatic production system comprising in combination: J§ 

(a) a power-operated conveyor structured to carry a plurality of units C 
of work in sequence along a path, J*J 

(b) a plurality of separately operable powered tools disposed at g 
different work stations adjacent to said conveyor, ^ 

(c) a plurality of transfer devices associated with at least some of the C 
work stations and configured to move selected units of work from the conveyor H 
to the work stations; 

(d) a master controller having an output for selectively addressed & 
command control signals arranged in the form of separate messages, and J£ 

(e) a receiver at each of said tools including a specific address, said »- 
receiver structured to apply only correspondingly addressed messages received < 
from said master controller to control the operation of the tool to selectively ^ 
operate on work delivered by said conveyor to said selected tool. 

324. The apparatus of claim 323 wherein each of the tools are stationed at a 2 
respective one of the work stations during operation of the conveyor. £ 
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325. The apparatus of claim 324 further comprising a selectively addressable 
receiver associated with the conveyor, which receiver is coupled to the conveyor so as 
to apply correspondingly addressed command control signals from the master 
controller to control operation of the conveyor. 

326. An automatic production system comprising: 

(a) a multi-workpiece conveyor extending along a path; 

(b) a plurality of power-operated tools, each stationed at a work 
position along the path and adjacent to the conveyor; 

(c) a central controller electronically coupled to the tools and to the 
conveyor; and 

(d) wherein the central controller is programmed to direct the 
conveyor to cause workpieces passing along the path to stop at a selected subset 
of the work positions and bypass the other work positions, wherein the selected 
subset of work positions is different for different workpieces, so that different 
tools operate on different workpieces. 

327. The apparatus of claim 326 wherein the workpieces consist of individual 
units of work each secured to a pallet. 

328. The apparatus of claim 326 wherein the conveyor is arranged in a straight 

line. 

329. The apparatus of claim 326 wherein the path is substantially horizontal. 

330. The apparatus of claim 326 wherein the workpieces are supported on top 
of the conveyor. 

331. The apparatus of claim 326 wherein the conveyor carries a plurality of 
workpieces at once along the path. 

332. The apparatus of claim 326 wherein the conveyor comprises an endless 

belt. 
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333. The apparatus of claim 332 wherein the tools are adjacent to the side of the 
conveyor belt. 


334. The apparatus of claim 326 wherein the conveyor comprises a chain 
conveyor. 

335. The apparatus of claim 326 wherein the conveyor comprises a flight 
conveyor. 

336. The apparatus of claim 326 wherein the conveyor is structured to provide 

a workpiece support surface that is substantially flat and has two edges parallel to the ^ 
path. 2 

cr 

337. The apparatus of claim 336 wherein at least some of the tools are adjacent u. 
to each of the edges. it 


u 

338. The apparatus of claim 326 wherein the conveyor moves workpieces in a J| 
single direction. 


c 

a 
u 


339. The apparatus of claim 326 wherein at least one of the tools comprises a g 

cutting machine. 2 

C 
>— 

340. The apparatus of claim 326 wherein at least one of the tools comprises a £j 

riveting machine. % 

(a 
C 

341 . The apparatus of claim 326 wherein at least one of the tools comprises a g 

machining device. H " 

< 

342. The apparatus of claim 326 wherein at least one of the tools comprises a ^ 
drill. g 

u 

343. The apparatus of claim 326 wherein at least one of the tools comprises an 2 
automatic welder. c 
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344. The apparatus of claim 326 wherein at least one of the tools comprises a 
fastening machine. 

345. The apparatus of claim 326 wherein at least one of the tools comprises a 
combination drilling-riveting tool. 

346. The apparatus of claim 326 wherein at least one of the tools comprises an 
inspection tool. 

347. The apparatus of claim 326 wherein at least one of the tools comprises a 
camera. 

348. The apparatus of claim 326 wherein at least one of the tools comprises a 
manipulator. 

349. The apparatus of claim 326 wherein at least one of the tools comprises a 
multi-axis manipulator. 

350. The apparatus of claim 326 wherein at least one of the tools comprises an 
articulated manipulator. 

351. The apparatus of claim 326 wherein at least one of the tools comprises a 
grasping device. 

352. The apparatus of claim 326 wherein at least one of the tools includes a 
moveable operating head. 

353. The apparatus of claim 352 further comprising a multi-axis drive system 
coupled to the operating head. 

354. The apparatus of claim 353 wherein the operating head is moveable in 
three dimensions. 
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355. The apparatus of claim 326 wherein at least one of the tools includes a 
storage device holding a plurality of control programs, each of which can control the 
tool to perform different combinations of operations on a workpiece within range of the 
tool. 

356. The apparatus of claim 326 wherein the tools are supported on fixed 

bases. 


357. The apparatus of claim 326 further comprising a workstation adjacent to 
the conveyor having at least one tool stationed thereat, and a transfer device positioned 
to move a workpiece from the conveyor to the workstation. 

358. The apparatus of claim 326 further comprising a bridge crane above the Z 
conveyor having a carriage moveable across the conveyor in a direction perpendicular $ 
to the path. W 

U 

359. The apparatus of claim 326 further comprising a signal receiver associated £j 
with at least one of the tools. 

C 

u 

360. The apparatus of claim 359 wherein the signal receiver is addressable. {£ 

C 

361. The apparatus of claim 359 further comprising a code matcher coupled to ^ 
the signal receiver. C 

P 
< 

362. The apparatus of claim 326 further comprising selectively addressable 
receivers at the tools, and wherein the receivers are coupled to the central controller. ^ 

(i 

z 

363. The apparatus of claim 362 wherein the coupling is wireless. | - 

< 

364. The apparatus of claim 326 wherein the coupling is cabled. ^ 

U- 
C 

365. The apparatus of claim 326 wherein the coupling is via modulated light fc 
waves. 2 

c 
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366. The apparatus of claim 326 wherein the central controller further 
comprises a storage device holding tool control programs. 

367. The apparatus of claim 326 wherein the central controller is further 
programmed to control at least some of the tools to perform different operations on 
different workpieces. 

368. The apparatus of claim 326 wherein: 

(a) the path is substantially horizontal; 

(b) the conveyor comprises an endless belt having a workpiece support 
surface that is substantially flat and has two edges parallel to the path, 

(c) the conveyor belt carries a plurality of workpieces at once on its top 
in a single direction, and 

(d) the tools are supported on bases adjacent to the side of the 
conveyor belt during operation of the conveyor. 

369. The apparatus of claim 368 wherein at least some of the tools are adjacent 
to each of the edges. 

370. The apparatus of claim 326 wherein the central controller is further 
programmed to control at least some of the tools to perform different operations on 
different workpieces, and wherein at least one of the tools comprises: 

(a) a multi-axis manipulator having a grasping device and a multi-axis 
drive system coupled to the grasping device, 

(b) a storage device holding a plurality of control programs, each of 
which can control the tool to perform different combinations of operations on a 
workpiece within range of the tool, and 

(c) an addressable signal receiver coupled to the central controller. 
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